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. ADVANCE CONFIDENTIAL EEPORT

EIGH-SPEED WIND-TUNNEL TESTS OF GUN OPENINGS
IN THE NOSE OF THE FUSELAGE OF
A 1/4-SCALE MODEL .
3; Henry A&, Yedszliuk

SUMMARY

In connection with recent tests -of a 1/4-scale model
pursuit airplane in the NACA 8~foot high-~spesd tunnel,
gun openings having low drag were developed for installa-
tion 1n the nose of the fuselage. The increase in the
fuselage~drag coefficient for the final -form of openings
wvas 0,0132-at a Mach number of 0.69 and at an angle of
attack of 00, The corresponding drag coefficient bdased
on the wing area was about 0.0005, = The oritical speed
of the airplane was not affected.by the. gun openings.

IETRODUCT ION

One of the difficulties encountered in the design of
an advance pursult alrplane 1s the determination of the
proper shape of gun opening in the nose of the fuselage.
The opehings should be of such design that they add the
smallest possidle amount of drag and do not ‘lower the-
ecritical speed of the airplane.

A portion of the t esting program of an. advance pursuit-
type airplane in the NACA 8~foot high-speed tunnel at Langley
Memorial Aeronautical lLaboratory was allotted to develop
openings with these features. The drag was measured at
speeds as high as.the critical .speed of the basic airplane.

APPARATUS

The tests were made of openings on a 1/4-scale model
pursuit airplane in the NACA 8-~foot high-~speed tunnel.
Your .650-caliber machine guns and four 20-millimeter.




cannons were located in-the-mosé.of the fuselage. Two of
the machine~gun openings .and two of the cannon openings
were placed, one inboard and one outboard, on each side

of the nose of the fuselage. The outboard gun openings

vere tested with and without hoods. When the outboard
openings weres covered by hoods, the hoods .were cut from

a body of revolution and fastened to the fuselage. (See
figs. 1, 2, and 3.) The nose ordinates for the hoods are
the ordinateés for nose A presented in reference 1, tadle II,
under the heading d4/D = 0,536 where 4/D 18 the ratio of
the 1nlet dilameter to the maximum fuselage diameter and is
used as a parameter in the test described in reference 1,
Nose A i1s shown nondimensionally in figure 20 of reference 1.
In order to adapt the nose A ordinates to the honds, X
(shown in fig, 20 of reference 1) was taken as 1 inch and

Y was assumedto'bw 1/2 inch. From the 1=inch station rear-
wvard the profile of the hood was faliréd into the fuselage.

TEST PROCEDURE AND RESULTS

Preliminary force tests.of slngle openings were made
to determine the effect of faired openings and hoods on the.
drig, The effect on 1ift and pitching~moment coefficients
vas also noted during the tests, The drag increments were
found by taking the difference between force-test measure-—
ments of the drag of the basic wing~fiselags combinaticn
with and without the gun openings. Although the differ-
ences are small in this case, the data are sufficiently
accurate to show the amount of drag caused by the gun open-
ings. Fuselage-drag increments Acnr are based on free-

stream dynamic pressure and the maximum fuselage cross—
sectional area, which is equal te 0.75 square foot. ¥No
peak-pressure measurements were made during the tests, but
the force—~test measurements were used to determine the

effect of the openings on the critical speed of the airplane.

The test Mach~-number range extended from about 0.18
to 0.69 and the angle of attack a of the fuselage, which
was the same as the angle of attack of the wing, was varied
from 3° to -39,

Test of single outboard , —-calibe aching—~guyn openi

The outboard ,B50-caliber machine-gun opening wae tested with-
out a hood for different values of the local radius aleng the
intersection of the gun opening-and the fuselage. 1In the
first test, no attempt was made to falr the intersection
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(shown as dashed outline in one view of fig. 1); in the
second testd, mddification l, the sharp edge of the opening
was rounded with the radius along the intersection varied
froii 1/32 inch to 3f16 inoch (fig. 1); and in the third test,

"‘modificatioh 2, the value of the local radius- along the

intersection was twice the value of the .radius for modifi-
cation 1l Varying the local radius did not change.the
drag of the opening. 1In the pleat. (fig., 4) of drag incre-
ments for the outboard gun-opening. test, one curve, there-
fore, represents the increase in drag coefficlileant for all
three conditions of the gun opening. '

The same opening was then tested with-a hood. 1In
this test the original opening wvas. changed to.a circular
opening when the desligners of the airplane changed the
method of getting the elevation of the guns and it was
found unnecessary to have as large an opening as the origi-
nal opening. The increase in fuselage-drag coefficlent
caused by the circular opening with the gun hood; is shown
in figure 4.

The openings were located in a favorable pressure
gradient ahd a laminar boundary layer existed over ' the
forward portion of the nose. The natural transition loca-
tion on the fuselage. was behind the openings. The flow
wvag turbulent, however, Just behind the opening, with the

result that a part of the drag increase showa in figure 4
1s due to a change in the type of flow and the rest of the

drag increase 18 due to the shape of the openinf. The
transition point on the full-scale airplane 1s farther for-

wvard than on the model used in the tests and it is probable
that the values of drag increment found, although small,
are conservative. Thus, for an outboard single-gun lnstal-
lation the increase in drag at full scale 1s likely to be
negligible.

Test_of single lpboard .50-celiber maschilpe-gun opening,-
The inboard .50-caliber machlne-gun opening was tested in the
same way as the outboard gun opening,-except that for the
inboard opening the local radius along the intersection was
varied in modification 1 from 1/16 inch to 3/32 inch. 1In
thls test, as for the outboard opening, the increase in drag
was the same for all conditions of the opening and 1s rep-
resented by the solid curve when the drag increments are
plotted (fig. 5).

The origlinal outline of the opening wvas qhanéed to a
circular opening and the drag increment caused by a circular
opening is shown as a dashed line in figure 5. Changing




to-a cizcular opening decreased .the drag .increment as
compared to the drag of the original opening.,

The tests of the original and the circular, the
faired and the unfaired, inboard openings were made with
natural transition. Transition was then fixed behind
the inhoard operning by a strip of No. 60 carborundum grains
glued to the surface of the fuselage about 15 inches from
the nose, - The drag increments for the circular opening
with fixed transition are shown in figure 6. Part _of the
drag increment for this opening would be caused by the
formation of a turbuleant boundary layer, as described pre-
viously for the outboard opening, and .the drag increment
for the full-scale airplane -would probably be smaller than
for the model used in the tests because the transitionm
point 1e located farther forward at full scale.

Figure 6 shows the same results as figure& 4 and 5,
but includes also the drag increments for angles of. nttack
of 1.59 and ~1. 5°

Teest of complete gun installation.~ The final tests

were made of the model with the complete gun installation
including four .50--caliber machine-gun openings and four
20-millimeter cannon openings.. -The outboard openings were
hooded and the trensition point was fizted Jjuet behind the

. rearwvard gun hood as shown in figure 1. The drag incre-
ments for this arrangement of the openings are shown in
figure 7. At a Mach numbdber of 0.69 and at an angle of
attack of 0°, the increase in fuselage-drag coefficient

is equal to 0.0132 which corresponds to a drag'coefficient,
based on the wing area, of about 0.0005.

The force-test meesurements indicate that the openings
had no effect on the critical speed of the atrplans. The
11ft and pitching-moment coefflicients were not affected to
any appreciabdle extent.

CONCLUSIONS

l., Eilght gun openings 1nstalled in the nose of the
fuselage increased the fuselage-drag coefficient dy 0.0132
at a Mach number of 0.69 and at an angle of attack of 00,
The corresponding drag increment, based on the wing area,
ig approximately 0.0005. '



2. The eight gun openings had no effect on the
critical speed of the airplane.

Langley Memorial Aeronauficai Lﬁboratory
National Advisory Committee for Aeronautics
Langley Fileld, Va,
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Figure 2. - Front view of nose of fuselage model:
showing positions of openings for

complete gun installation.




Figure 3. - Side view of nose of fuselage
outboard openings.

model showing positions

of inboard and

VOVN

€ ‘314




&
)
Q
4;.03 H i [ -
o no fairing
et ——— Orizinal opening modification 1
2 (modif foation 2
o
%
s —|—-Hqoded girculgr operning
Ls02
®
1]
o)
1
()
()
a
oo |
9

01 i
& |
S
>
o]
2

——)

: — - - e B I
o O )
‘8‘ 0 01 02 03 04 .5 -6 .7

Mach number, M

Figure 4.~ Increment of fuselage-drag coefficient, ACpp., based on maximum fuselage cross-

sectional area due to an outboard .50-caliber machine-gun opening in the nose of
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